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© Method for cleaning semiconductor products. 

© The invention relates to a method for cleaning a semiconductor product of particles accumulated on its 
surface and of metallic and organic contamination. According to the invention, the washing of the semiconductor 
product is carried out with an acid-water so lution with a dilution ratio between 1:10 6 - 1:10 s , advantageously 
between 1:10 s - 1:10*. Advantageously Unemployed acid is for instance hydrochloric acid, nitric acid, acetic 
acid or hydrofluoric acid. ~ 
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The present invention relates to a method for cleaning semiconductor products of particles attached to 
the surface of the said product, as well as of metallic, inorganic and organic contamination. 

The production of semiconductors such as silicon wafers is normally started with essentially pure silicon 
material. This material is grown in a pyrometallurgical process into a bar-like single silicon crystal, which is 
5 further cut to thin disk-like slices. Two important criteria for silicon wafers, used for instance in circuit 
building in the electronic industry, are extreme smoothness and purity. Even slight levels of impurities, as 
well as small irregularities of surface, make the obtained semiconductor product unfit for use. In order to 
remove impurities from the surface of the semiconductor product, th e product is cle aned at v arious stages 
of the production process. . 

w The purpose of washing the semiconductor product is to remove impurity particles accumulated on the - 
surface of the disk, as well as metallic and organic contaminations. Alkaline hydrogen peroxide solutions, 
the most popular among which is ammonia-hydrogen peroxide-water solution, are very efficient in removing 
impurity particles from the surface of a semiconductor product. In generally used ammonia-hydrogen 
peroxide-water solutions, the dilution ratio is for instance 1:1:5, which means that the solution contains one 

75 part ammonia and one part hydrogen peroxide per five parts water. However, the operating temperature of 
this kind of washing solution is about 70° C, which means that the solution must be separately heated in 
order to make it ready for use. In this type of alkaline solution, some metals - for example iron, zinc and 
aluminium - tend to accumulate on the surface of the semiconductor product during the washing stage. For 
removing the said metals, there are generally used hydrochloric acid-hydrogen peroxide-water solutions, but 

20 after a washing with these solutions, the surface of the semiconductor product easily attracts particles. 
Another suggestion is to use weak ammonia-hydrogen peroxide-water solutions, but also after washing with 
these solutions, metals tend to remain on the surface of the semiconductor product. 

The object of the present invention is to eliminate some of the drawbacks of the state of the art and to 
introduce a new and improved method for cleaning semiconductor products by washing, so that the surface 

25 of the product can be maintained essentially pure also in the post-washing process steps. The essential 
novel features of the invention are apparent from the appended patent claims. 

According to the invention, the washing of a semiconductor product such as a silicon wafer or a gallium 
arsenide compound, is carried out by using a weak acid-water solution. The temperature of the weak acid- 
water solution of the invention is 15-40'C, advantageously 18-25* C. This temperature means that in the 

30 method of the invention, the weak acid-water solution is advantageously at room temperature. Thus the 
washing solution of the invention does not necessarily have to be heated to a particular washing 
temperature, which again simplifies the production of semiconductor products, and simultaneously reduces 
energy consumption and cleaning costs of the semiconductor products. 

In the method of the invention, the employed acid may advantageously be for instance hydrochloric 

35 acid HCI, hydrofluoric acid HF, nitric acid HN0 3 ™^etk^id CH.CQOH. In this kind of a weak acid-water 
solution, the dilution ratio may vary between 1:1 oF- 1T107jn which case the water ratio per one part acid is 
between 10 3 and 10 6 parts respectively. Advantageously the dilution ratio of the acid-water solution is 
between 1:10 s - 1:10 4 . The pH of the solution varies respectively between ph = 1.5 - 6. 

When defining favourable solution conditions for the process of the invention, it is important to 

40 remember that the solubility of iron increases while the pH of the solution decreases below 7. At the same 
time, when the pH changes towards a more acidic direction, the tendency of particles to stick on the 
surface of the semiconductor product grows. In addition to the behaviour of iron particles, the effect of other 
impurity components in the success of the washing must also be taken into account. Thus an essentially 
decisive factor will be the lifetime of the minority carriers !•> the semiconductor product. A long lifetime 

45 proves that these impurities are advantageously removed from the semiconductor in the washing. 
The invention is explained in more detail below with reference to the appended examples. 

Example 1 

so A polished silicon wafer, diameter 125 mm, was washed, according to the invention, at room 
temperature with weak hydrochloric acid, while the washing time was 60 s. In order to determine the 
influence of the hydrochloric acid content, the washing was carried out by using dilutions between ^•^0 ^ • 
1:10 6 , so that the dilution ratio was changed in successive experiments with decade intervals, i.e. intervals 
of 1:10. Moreover, the effect of the washing time was examined by carrying out a washing, with dilution 

55 ratio 1:10 3 , also with washing times 5 s., 15 s. and 600 s. After washing, the particle content on the surface 
of the silicon wafer was measured. 

After measuring the particle content, the silicon wafer was oxidized at the temperature 1050 W C for 30 
min; in addition to this, the silicon wafer was kept 15 min at th same temperature in a nitrogen atmosphere 
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and subjected to a minority carrier lifetime measurement by a lifetime meter based on microwave reflection, 
in order to reveal a possible metal contamination. 

The oxidized silicon wafer was further subjected to a measurement of iron content in a known fashion. 
Th results from th se experim nts ar giv n in table 1 below, where th particle content describes an 
5 average measuring result per silicon wafer, when particles larger than 0.3 urn are taken into account in the 
measurement, and the employed unit of iron content is 10 10 atoms per 1 cm 3 silicon. 



dilution ratio 


particle content 


lifetime us 


iron content 


1 


1000000 


1.4 


41 


2.7 


1 


100000 


4.0 


35 




1 


10000 


2:0 


22 




1 


1000 (5 s) 


2.5 


27 


3.8 


1 


1000 (15 s) 


3.6 


28 




1 


1000 


1.6 


23 


6.7 


1 


1000 (600 s) 


2.7 


20 


12 


1 


100 


4.6 


20 





On the basis of table 1 , the results with higher dilution ratios are better than those with lower dilution 
ratios, with respect to both particle content, lifetime and iron content. The length of the washing period does 
not seem to have an obvious influence in the results. When using the ammonia-hydrogen peroxide washing 
of the state of the art as a reference process, the values obtained after washing were: 1 .7 particles, lifetime 
5 us and iron content 470. The result clearly illustrates the superiority of the method of the invention in the 
removal of iron. 

Example 2 

In the same fashion as in example 1, a silicon wafer was subjected to the measurements of particle 
content, lifetime and iron content; now the employed washing reagent was nitric acid with dilution ratios 
1:10 s and 1:10 3 . The results from the measurements are given below in table 2, where the employed units 
for the results are the same as in table 1 . 





dilution ratio 


particle content 


lifetime us 


iron content 


35 


1:100000 


1.8 


30 


4.9 




1:1000 


1.8 


20 


10.1 



Table 2 shows that a lower nitric acid content (1:10 s ) gave better results - a longer lifetime and lower 
40 iron content - than a higher nitric acid content. The change in the dilution ratio did not affect the particle 
content. 



Example 3 

In similar fashion as in example 1, a silicon wafer was washed with acetic acid, with the same dilution 
ratios 1:10 s and IrlO 3 as above in example 2, where nitric acid was used. The obtained results are given 
below in table 3, where the employed units are the same as above in tables 1 and 2. 



dilution ratio 


particle content 


lifetime us 


iron content 


1:100000 


1.1 


35 


6.1 


1:1000 


4.1 


22 





Like in examples 1 and 2, also her , when using acetic acid as the washing reagent, the lower acid . 
content gave better results than the higher acid content. " 



Example 4 



3 



EP 0 501 492 A2 



Using the same experiment arrangements as in example 1, a silicon wafer was subjected to measure- 
ments as for the particle content on the surface of the wafer, the minority carrier lifetime and iron content of 
the wafer, when the washing was carried out with hydrofluoric acid. The measuring results for the dilution 
ratios 1:10 s and 1:10 3 are given below in table 4. 



w 



15 



dilution ratio 


particle content 


lifetime us 


iron content 


1:100000 


1.7 


27 


63 


1:1000 


2.0 


65 


15 



According to table 4, when using hydrofluoric acid, the higher acid content (1:10 3 ) rendered better 
results as for lifetime and iron content than the lower acid content. Moreover, the iron content on the surface 
of the silicon wafer is essentially higher than in the previous examples. However, an essential increase in 
the minority carrier lifetime indicates that other impurities, such as copper, are removed from the wafer 
surface. 
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Claims 

1. A method for cleaning a semiconductor product of particles accumulated on its surface as well as of 
metallic and organic contamination, characterized in that the washing of the semiconductor product is 
carried out with an acid-water solution, with a dilution ratio between 1:10 s - 1:10 3 , advantageously 
between 1:10 s - 1:10*. 

2. The method of claim 1, characterized in that the washing is carried out at the temperature of 15 - 
40 • C, advantageously 1 8 - 25 * C. 

3. The method of claim 1 or 2, characterized in that the employed acid is hydrochloric acid. 

4. The method of claim 1 or 2, characterized in that the employed acid is nitric acid. 
^T^The method of claim 1 or 2, characterized in that the employed acid is acetic acid. 

6. The method of claim 1 or 2, characterized in that the employed acid is hydrofluoric acid. 
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